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(54) ULTRASONIC MOTOR AND ELECTRONIC APPARATUS PROVIDED WITH ULTRASONIC 
MOTOR 

(57)Abstract: 

PURPOSE: To manufacture a product which is small and 
thin and which is turned at high speed by a method 
wherein the position of a protrusion by which the 
vibrating body of an ultrasonic motor comes into contact 
with a moving body is installed at the inner side than the 
position of a flank in the radial direction of vibrations 
excited at the vibrating body. 

CONSTITUTION: A bearing 5 is installed in the center of 
a moving body 6, and it is guided to a central shaft 2 so 
as to be rotatable. By means of a spring member 7, the 
moving body 6 is brought into pressure contact with a 
protrusion 4a at the vibrating body. Two electrode 
groups are formed radially at a piezoelectric element 1, 
high-frequency voltages whose phase is different in 
terms of time are applied, two standing waves whose 
phase is shifted in terms of time are generated and 
composed, and traveling waves are generated. The 
moving body 6 receives the elliptical motion of the 
protrusion 4a at the vibrating body via friction. Since the 

position of the protrusion 4a is situated between a flank and a node, the tip of the protrusion 4a 
is displaced in the axial direction and the peripheral direction, and the moving body 6 is sent in 
one direction. Thereby, it is possible to obtain an ultrasonic motor which is small and thin and 
which is turned at high speed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By making an oscillating object (4) excite an oscillatory wave using flexible movement 
of a piezoelectric device (1) In the ultrasonic motor which carries out the friction drive of the 
mobile (6) by which pressurization contact was carried out to an oscillating object (4), while 
exciting the secondary bending mode to the direction of a path on an oscillating object (4) The 
ultrasonic motor characterized by being in the location inside [ to the direction of a path 
generated at this time ] the antinode of vibration, and moreover preparing the projection (4a) to 
which the amplitude of vibration contacts a mobile (6) from the surface roughness of the contact 
section of a mobile (6) and an oscillating object (4) in a large location. 

[Claim 2] When the amplitude of r and the oscillating object (4) in a location r is set to xi (r) for 
the location of the direction of a path of an oscillating object (4) in an ultrasonic motor according 
to claim 1, it is xi (r) / r2. Ultrasonic motor characterized by preparing the projection (4a) in 
contact with a mobile (6) in the location of r which takes 70% or more of value of maximum which 
a value can take. 

[Claim 3] The ultrasonic motor characterized by preparing a projection (4a) between the 
antinode of vibration over the hoop direction of an oscillating object (4), and a knot in an 
ultrasonic motor according to claim 1 or 2 while exciting the standing wave on the oscillating 
object. 

[Claim 4] The standing wave generated on an oscillating object in an ultrasonic motor according 
to claim 3 is an ultrasonic motor characterized by consisting of composition of two standing 
waves. 

[Claim 5] It is the ultrasonic motor characterized by exciting two standing waves on an 
oscillating object (4) by adding the electric field of this direction to all patterns, while the pattern 
of a piezoelectric device (1) is divided into a hoop direction for every quadrant wavelength in an 
ultrasonic motor according to claim 4 and the directions of polarization differ every two to a 
hoop direction. 

[Claim 6] In an ultrasonic motor according to claim 4 the pattern of a piezoelectric device (1) In 
location the small pattern which adjoins each other in the direction of a path while being divided 
into two parts on both sides of a concentric circle and divided into a hoop direction every 1/2 
wave, respectively A quadrant wavelength gap, Moreover, the small pattern which adjoins a hoop 
direction is an ultrasonic motor characterized by exciting two standing waves on an oscillating 
object (4) by carrying out polarization processing to hard flow mutually, and adding the electric 
field of this direction to all these patterns. 

[Claim 7] The vibration generator system characterized by having the ultrasonic motor of a 
publication in any 1 term of claim 1 thru/or claim 6, forming an eccentric weight (8) in a mobile 
(6), and generating vibration by rotation of a mobile (6). 

[Claim 8] The electronic clock with an ultrasonic motor which has an ultrasonic motor according 
to claim 7, inputs a driving signal into said ultrasonic motor at the time of day set up beforehand, 
and is characterized by telling information by vibration by rotation of a mobile (6). 
[Claim 9] Electronic equipment with an ultrasonic motor characterized by inputting a driving 
signal into said ultrasonic motor, generating vibration by rotation of a mobile (6), and telling a 
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user about information when it has the ultrasonic motor of a publication in any 1 term of claim 1 
thru/or claim 6 and information is received from the exterior. 

[Claim 10] Electronic equipment with an ultrasonic motor characterized by having the ultrasonic 
motor of a publication in any 1 term of claim 1 thru/or claim 6, and having the means of 
communication (19) which operates to a mobile (6) and one, and an output means (20) to operate 
based on actuation of a means of communication (19). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Use by electronic equipment, such as a wrist watch and a card mold 
pocket device, is possible for this invention about the ultrasonic motor which generates driving 
force using flexible movement of a piezoelectric device. 
[0002] 

[Description of the Prior Art] From the description of its low speed and quantity torque in an 
ultrasonic motor, optimization of an oscillating object design also including the location of the 
projection mainly explained below for the purpose of application in the source of power has been 
attained in recent years. 

[0003] The location of a projection established in the oscillating object of the conventional 
ultrasonic motor is explained based on a drawing. In drawing 10 , the secondary oscillation mode 
which has the knot section to the direction of a path is excited by the oscillating object of a disk 
mold. The projection was prepared in the antinode of vibration for the amplitude to serve as max 
at this time, and taking out an output by movement of the mobile in contact with that projection 
was known. 

[0004] For example, the example of the location of such a projection made conventionally the 
optimal is indicated by JP,62-1 96080,A. If this oscillating object is made to excite a progressive 
wave and pressurization contact of the mobile is carried out on an oscillating object, a mobile will 
receive ellipse movement of the height of an oscillating object through friction, and will be 
rotated. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, as explained, while the drive by 
which the big amplitude was obtained and was stabilized by preparing a projection in the antinode 
of vibration was completed, big torque was also expectable in order to take out an output from 
the location distant from the core to some extent. However, when the variation rate of the hoop 
direction of a projection is made the same, the include angle which makes per unit period rotate 
a mobile decreases as a projection consists of a core outside. Moreover, since the maximum of 
the variation rate of a hoop direction existed inside [ to the direction of a path ] the antinode of 
vibration, it was difficult in the location of the conventional projection to obtain a very big 
rotational frequency. Moreover, if the die length of a projection tends to be made high and it is 
going to obtain a high rotational frequency, the thickness of an ultrasonic motor will have 
become thick. 

[0006] Then, the purpose of this invention is to optimize the location of a projection of an 
oscillating object and offer small and the ultrasonic motor of thin and high rotation, in order to 
solve such a conventional technical problem. 
[0007] 

[Means for Solving the Problem] Inside the location of the antinode of the direction of a path of 
vibration for this invention to be excited by the oscillating object in the location of the projection 
in contact with the mobile of an oscillating object in an ultrasonic motor in order to solve the 
above-mentioned technical problem, If forced, when the amplitude of r and the oscillating object 
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in a location r is set to xi (r) for the location of the direction of a path of an oscillating object, it 
is xi (r) / r2. We decided to prepare a projection in the location of r which takes 70% or more of 
value of the maximum of the value which a value can take. 
[0008] 

[Function] In the ultrasonic motor using the oscillating object which prepared the projection as 
mentioned above, an oscillatory wave is excited by impressing the high-frequency voltage near 
the resonance frequency in the bending mode of an oscillating object to a piezoelectric device. 
The mobile which contacts the projection of an oscillating object by the predetermined pressure 
receives the force by the oscillatory wave through frictional force, and is rotated. At this time, 
since the projection is prepared in the location which can take the large variation rate of near 
and a hoop direction at the core of an oscillating object, large angle of rotation of the mobile per 
unit period can be taken, and the rotational frequency of an ultrasonic motor becomes very large. 

[0009] 
[Example] 

(1) Explain the 1st example of this invention below to the 1st example based on a drawing. 
Drawing 1 is drawing showing the displacement distribution which looked at only one half from 
the core of the oscillating object of the 1st example of the ultrasonic motor of this invention to 
the direction of a path, a velocity coefficient, and a projection location. Drawing 2 is the 
sectional view of the ultrasonic motor which prepared the projection in the location of the 
oscillating object explained by drawing 1 . Drawing 3 shows the pattern of the piezoelectric 
device attached to the oscillating object of drawing 2 . 

[0010] A velocity coefficient is explained first. From a core, when the variation rate of r and 
shaft orientations is expressed for the location of the direction of a path as xi (r), hoop direction 
displacement in a location r is proportional to xi(r)/r. Moreover, the rotational frequency of the 
mobile when taking out an output from a location r, since the movement magnitude which one 
revolution takes to a mobile in a location r was 2pir is xi (r) / r2. It is proportional. That is, this is 
a velocity coefficient. 

[0011] The location of projection 4a of shaft-orientations displacement distribution, a velocity 
coefficient, and this example is shown in drawin g 1 . In drawing 1 , it is guessed that a rotational 
frequency with bigger the rotational frequency of a mobile taking out an output from the inside 
[ antinode ], especially near a core vibration generated on the oscillating object is obtained. 
However, in practice, near a core has the very small amplitude and rotation stabilized under the 
effect of surface roughness etc. cannot be desired. Then, projection 4a is prepared in the 
location shown in drawing 1 . 

[0012] Drawing 2 is the sectional view showing the configuration of the example of the ultrasonic 
motor of this invention. The medial axis 2 is being fixed to the support plate 3. The piezoelectric 
device 1 which has the electrode pattern shown in drawing 3 has pasted the oscillating object 4. 
Drawin g 3 is drawing showing the electrode pattern of the piezoelectric device 1 of the 
ultrasonic motor of this invention. Drawing 3 (a) shows a common electrode. The electrode 
shown in drawing 3 (b) is divided into a circumferencial direction for every quadrant wavelength. 
Here, when making a circumferencial direction excite three waves of oscillatory waves, an 
electrode is divided into 12 as shown in drawing 3 . And the directions of polarization of the 
piezoelectric device in the location corresponding to each electrode are +, +, - - +, +, - - + f +, 
-, and - in order in a hoop direction. And as for the electrode in every other one, a flow is taken 
in a hoop direction, and it divides into 1st electrode group 1a and 2nd electrode group 1b. 
[0013] A bearing 5 is formed in the core of a mobile 6, and it shows around at the medial axis 2 
so that it may be pivotable. The pressure welding of the mobile 6 is carried out to the oscillating 
object 4 by the spring member 7. If the high-frequency voltage from which a phase differs in time 
is impressed to two electrode groups (1a and 1b) of a piezoelectric device 1, two standing waves 
from which the phase shifted to the oscillating object 4 location-wise and in time will occur, and 
a progressive wave will occur as composition of two standing waves. At this time, a mobile 6 
receives ellipse movement of the oscillating object 4 through friction, and rotates it at high 
speed. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web.cgi_ejje 



2004/08/03 



Page 3 of 4 



[0014] (2) The 2nd example drawing 4 shows the location of another example of the electrode 
pattern of a piezoelectric device 1, and projection 4a. The electrode pattern of a piezoelectric 
device 1 is divided into the hoop direction for every quadrant wavelength. Polarization processing 
of the direction of polarization of each electrode is carried out with +, +, - - +, + f - - +, + f - 
and - 

[0015] Alternately [ of an electrode ], projection 4a is prepared in the location which moreover 
does not include an inter-electrode boundary. By adding the same electric field to all the 
electrodes of a piezoelectric device 1 , as shown in the oscillating object 4 at drawing 5 , two 
standing waves which shifted quadrant wave length in location to the hoop direction occur, and 
one standing wave happens as the composition. Since projection 4a is between the antinode of 
vibration, and a knot at this time, since the tip of projection 4a carries out the variation rate of 
shaft orientations and a hoop direction, it can send a mobile 6 to an one direction. 
[0016] (3) The 3rd example drawing 5 shows the location of another example of the electrode 
pattern of a piezoelectric device 1, and projection 4a. The electrode pattern of a piezoelectric 
device 1 was halved on the concentric circle to the direction of a path, and while being divided 
into the hoop direction every 1/2 wave in each field, the electrode which sandwiched the 
concentric circle which divided the electrode pattern to the direction of a path is shifted 
quadrant wave length in location. Polarization processing of the direction of polarization of each 
electrode which adjoins each other to a hoop direction is carried out with +, - +, - +, and 
[0017] Projection 4a is prepared in the location which moreover does not include every one 
inter-electrode boundary in each electrode inside the circle which divided the electrode pattern 
to the direction of a path. By adding the same electric field to all the electrodes of a 
piezoelectric device 1, as shown in the oscillating object 4 at drawing 5 , two standing waves 
which shifted quadrant wave length in location to the hoop direction occur, and one standing 
wave happens as the composition. Since projection 4a is between the antinode of vibration, and 
a knot at this time, since the tip of projection 4a carries out the variation rate of shaft 
orientations and a hoop direction, it can send a mobile 6 to an one direction. 
[0018] (4) The 4th example drawing 6 shows the block diagram of the 4th example of the 
vibration generator system which used the ultrasonic motor of this invention. The eccentric 
weight 8 is attached to the mobile 6 shown in the previous example, and the vibration generator 
system using the ultrasonic motor which can generate vibration using the centrifugal force of the 
eccentric weight 8 can be realized by rotating a mobile 6. 

[0019] (5) The 5th example drawing 7 shows the block diagram of the 5th example of the 
electronic clock with an ultrasonic motor of this invention. The electronic clock with an 
oscillating alarm by the ultrasonic motor is realizable by operating an ultrasonic motor at the 
time of day set up beforehand using the ultrasonic motor of the 4th example, and telling that the 
time of day set as the user came by vibration by the eccentric weight 8. 

[0020] The time of day which specifically generates alarm vibration beforehand by the time-of- 
day setting circuit 15 is set up, and it memorizes in a store circuit 14. This time of day is 
compared with the time of day of a timer 13 by the comparator circuit 12, when both become 
equal, a driving signal is made to output to an ultrasonic motor from the drive circuit 11, the 
mobile 6 to which the eccentric weight 8 was attached is rotated, and vibration is generated. 
[0021] (6) The 6th example drawing 8 shows the block diagram of the 6th example of the 
electronic equipment with an ultrasonic motor of this invention. The electronic equipment with 
an oscillating alarm by the ultrasonic motor is realizable by operating an ultrasonic motor using 
the ultrasonic motor shown in the 4th example, when information is received from the exterior, 
generating vibration by the eccentric weight 8, and telling that new information was acquired by 
the user. 

[0022] Specifically, a receiving circuit 17 recognizes having acquired new information through an 
antenna 18. A driving signal is made to output to an ultrasonic motor from the drive circuit 1 1 by 
the control circuit 16 at this time, the mobile 6 to which the eccentric weight 8 was attached is 
rotated, and vibration is generated. 

(7) The 7th example drawing 9 shows the block diagram of the 7th example of the electronic 
equipment with an ultrasonic motor of this invention. Electronic equipment with an ultrasonic 
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motor is realizable by considering as the configuration which forms the transfer device 19 in 
which it operates to the mobile 6 of an ultrasonic motor, and one, and the output device 20 
which operates based on actuation of the transfer device 19 using the ultrasonic motor shown in 
the previous example. 

[0023] As a transfer device 1 9, transfer vehicles, such as a gearing and a friction wheel, etc. are 
used preferably. As an output device 20, an arm etc. is used [ in / for a shutter drive, a lens 
drive, etc. / a robot / in / for a guide etc. / a machine tool ] for this better ** for a cutting- 
edge implement delivery device, a workpiece delivery device, etc. in an electronic clock or an 
instrumentation in a camera. 

[0024] As electronic equipment with an ultrasonic motor of this invention, an electronic clock, an 
instrumentation, a camera, a printer, a printing machine, a machine tool, a robot, migration 
equipment, etc. are realizable preferably. Furthermore, an output shaft is attached in a mobile 
and the configuration which has a power transmission device for transmitting the torque from an 
output shaft, then ultrasonic motorised equipment can be realized. 
[0025] 

[Effect of the Invention] This invention can obtain an ultrasonic motor with a very high rotational 
frequency with a thin shape, as shown above. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are displacement distribution of the oscillating object of the 1st example of the 
ultrasonic motor of this invention, a velocity coefficient and drawing showing the location of a 
projection. 

[Drawing 2] It is the sectional view of the 1st example of the ultrasonic motor of this invention. 
[Drawing 3] It is drawing showing the polarization pattern of the 1st example of the piezoelectric 
device of this invention. 

[Drawing 4] It is drawing showing the polarization pattern of the 2nd example of the piezoelectric 
device of this invention, and the location of a projection. 

[Drawing 5] It is drawing showing the polarization pattern of the 3rd example of the piezoelectric 
device of this invention, and the location of a projection. 

[Drawing 6] It is the block diagram of the 4th example of the vibration generator system using 
the ultrasonic motor of this invention. 

[Drawing 7] It is the block diagram of the 5th example of the electronic clock with an ultrasonic 
motor of this invention. 

[Drawing 8] It is the block diagram of the 6th example of the electronic equipment with an 
ultrasonic motor of this invention. 

[Drawing 9] It is the block diagram showing the configuration of the 7th example of the electronic 
equipment with an ultrasonic motor of this invention. 

[Drawing 101 It is drawing showing the projection location of the conventional ultrasonic motor. 
[Description of Notations] 

1 Piezoelectric Device 

2 Medial Axis 

3 Support Plate 

4 Oscillating Object 

5 Bearing 

6 Mobile 

7 Spring Member 

8 Eccentric Weight 



[Translation done.] 
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